The purpose of the present study was to investigate retrospectively which aortic clamping technique, the single clamp technique (SCT) or double clamping technique (DCT), is safer in terms of cerebral functions in patients who have undergone coronary bypass surgery. We evaluated 1100 patients who underwent coronary artery bypass graft surgery at our institute from 1998 to 2004. The two groups, SCT (n = 550, 50%) and DCT (n = 550, 50%), were comparable with respect to smoking, hypertension, hypercholesterolemia, diabetes mellitus, chronic obstructive pulmonary disease, peripheral arterial disease, history of neurological events, creatinine levels, and existence of a carotid lesion. No significant differences between the SCT and DCT groups were observed in terms of cardiac and cerebral complications perioperatively and postoperatively. Both single and double clamping techniques have advantages and disadvantages in patients undergoing coronary bypass surgery. (Int Heart J 2006; 47: 185-192) 
CEREBRAL injury following cardiac surgery is now recognized as a serious and costly healthcare problem mandating immediate attention for the estimated one million patients undergoing cardiac surgery annually throughout the world. As the number of elderly patients undergoing coronary artery bypass graft (CABG) procedures has increased, the decline in overall mortality and cardiac morbidity achieved by improvements in surgical techniques has been largely obscured by increasing neurological complication rates. 1) In spite of the development of new technologies, such as pharmacological intervention in cardiac surgery, some researchers have found incidences of stroke and severe intellectual dysfunction up to 8% after CABG surgery, which is most likely attributable to macroemboli of air or particulate matter, with risk increasing due to aging of this population. [2] [3] [4] [5] [6] Gardner, et al reported the risk of stroke in their coronary bypass patients to be a clear function of patient age. For patients less than 45 years of age, the risk of perioperative stroke was 0.2 percent, rising to 8.0 percent for patients over age 75. 7) In a study by the McSPI Group, 8) the incidence of neurological injury was 7.3%, with proximal aortic arteriosclerosis being a risk factor. This is critical because by 75 to 80 years old the incidence of severe aortic arteriosclerosis in patients is almost 10%. Potential predictors of neurological outcome are categorized according to operative stage as preoperative (eg, age, gender, a history of congestive heart failure, or prior CABG surgery), intraoperative (eg, the duration of cardiopulmonary bypass and aortic cross-clamping, surgical and anesthetic techniques, hemodynamic changes, surgical assessment of proximal aortic atherosclerosis), and postoperative (eg, myocardial infarction, arrhythmia, ventricular dysfunction) events occurring on the day of surgery. 9) In some centers it is believed that performing proximal anastomoses routinely under side bite clamping is beneficial due to the shorter ischemic heart period and better myocardial protection. However, others prefer single clamping to avoid cerebral embolism while manipulating the aorta. Increased aortic manipulation such as aortic cannulation/decannulation, cross-clamp application/ removal, and construction of proximal anastomoses during coronary artery bypass surgery is known to be associated with embolic events, particularly in patients with atherosclerotic disease of the ascending aorta. The use of the single cross-clamp technique has, therefore, been recommended as it involves minimal handling of the aorta and has been reported to reduce the incidence of adverse neurological events postoperatively. 10) However, the superiority of this technique clinically for stroke prevention has not been conclusively demonstrated.
Postoperative stroke is thought to significantly prolong the postoperative hospital stay as well as the intensive care unit stay. In-hospital mortality is also significantly higher in patients with stroke than in patients without stroke. Attention is now focused on the identification of subgroups of cardiac surgery patients who are most likely to develop such complications, thereby allowing a more effective approach to this problem. The objective of this study was to investigate retrospectively which aortic clamping technique is safer in terms of cerebral functions in patients who have undergone isolated coronary bypass surgery.
11)

METHODS
Patients:
We evaluated 1100 patients who underwent elective CABG and concomitant CEA from 1998 to 2004. Preoperative, perioperative, and postoperative data for all patients were collected retrospectively from hospital files and stored in a database. The study was approved by the Institutional Review Board of Dr. The need for informed consent was waived because the data used in the study had already been collected retrospectively. Eligibility criteria included hemodynamic stability, stable angina, and a minimum of 3 months since myocardial infarction. The effect of alcohol as a risk factor for ischemic stroke is likely dose-dependent. For hemorrhagic stroke, cohort studies have shown that alcohol consumption has a direct dose-dependent effect. 12) Repeat doing (Redo) cases, heavy users of alcohol with abnormal liver function (liver enzymes greater than twice the normal range), and patients with hemodynamic instability or who underwent emergency procedures were excluded (n = 152). Preoperative data: Preoperative data included a detailed medical history, physical examination, and laboratory results. Age, sex, hypertension (HT), diabetes mellitus (DM), chronic obstructive pulmonary disease (COPD), serious peripheral arterial disease (PAD), hypercholesterolemia, smoking, and previous ischemic attacks were determined as preoperative risk factors (Table I) . Patients with a history of stroke, a transient ischemic attack (TIA) and the presence of carotid bruit while performing physical examination underwent duplex ultrasonography for evaluation of carotid artery disease. To reduce the potential risk of postoperative stroke after CABG, many surgeons at our institution prefer to combine CABG with a carotid endarterectomy procedure in patients with carotid artery stenosis and believe that simultaneous combined carotid endarterectomy and coronary artery bypass grafting is the safest approach. We perform the combined procedure not only in patients with significant carotid artery stenosis (> 70%) but also in those who have > 50% stenosis with ulceration even though they may be asymptomatic. 13) Surgical management and surgical data: Intraoperative management consisted of a median sternotomy and heparinization followed by establishment of cardiopulmonary bypass. Cardiopulmonary bypass was performed with nonpulsatile flow using membrane oxygenators. Routine epicardial scanning was not performed and calcification of the aorta was assessed by the surgeon before its cannulation. Flow rate and body temperature were adjusted according to the estimated operating time (28-33°C). Mean arterial pressure was maintained between 60-80 mmHg. The heart was arrested with potassium infusion (20 m Equiv./L) and anterograde cold (4-8°C) oxygenated blood cardioplegia. Further doses, with a lower potassium concentration (10m Equiv./L), were delivered at a rate of 200 mL/min over 2 minutes at 15-20 minute intervals, after the completion of each proximal anastomose. In the SCT group, both distal and proximal anastomoses were performed before removing the aortic clamp. The aortic cross clamp was removed and a conventional partially occluding aortic clamp was applied after distal anastomoses construction in the DCT group. This method permitted early reperfusion of the heart and early release of the internal mammary artery graft. Grafting of the internal mammary artery was performed following sequential completion of saphenous vein anastomoses. The data includes aortic calcification in the surgical area, pump and aortic cross clamp duration, the number of coronary vessels collected retrospectively from the hospital records, the database of surgeon operation notes, anesthesia, and pump chart tables. Postoperative data and the definition of outcomes: In the postoperative period, the need for medical and/or mechanic inotropic agents, rhythm and ECG changes, and the levels of cardiac enzyme parameters were screened. Neurological examinations were performed routinely by intensive care unit staff. All patients with suspected postoperative neurological deficits were routinely evaluated by staff neurologists in order to confirm the diagnosis. A cerebrovascular event was confirmed by brain computed tomographic scanning (CT) or nuclear magnetic resonance imaging (MRI) with the exception of those who were too hemodynamically unstable and who subsequently died before imaging was possible. The neurological deficits related to metabolic events, hypoxia, and drugs were excluded.
Stroke was defined as a new focal neurological deficit lasting > 24 hours with a CT demonstration of a recent cerebral lesion that became evident at the moment of awakening. Transient ischemic attack was defined as a new neurological deficit that was evident at awakening, lasted < 24 hours, and was associated with a normal brain CT. The length of intensive care unit stay (LOICU) was the number of days that the patient remained in the intensive care unit after surgery. Mortality was defined as any death occurring during the hospital stay.
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Statistical analysis: An SPSS for Windows 10.0 program was used for statistical analyses. Determination of statistical significance was performed using Student's t test for variables and the chi-square test for nonvariables. Yates' correction was used to correct 2 × 2 tables. Fisher's exact test was performed when appropriate. A P value < 0.05 was considered statistically significant.
RESULTS
The demographic and historical characteristics of the 1100 patients studied are presented in Table I . The SCT (n = 550, 50%) and DCT (n = 550, 50%) groups were comparable with respect to smoking, HT, hypercholesterolemia, DM, COPD, PAD, history of neurological events, creatinine levels, and the existence of a carotid lesion. There were no differences in the distribution of high-risk patients between the 2 groups.
The operative variables are summarized in Table II . Aortic calcifications in the surgical area, cardiopulmonary bypass time, aortic cross clamp time (AXC), and the number of proximal anastomoses were compared between the 2 groups. The mean AXC was shorter but cardiopulmonary bypass time was longer in the DCT group, as expected. The parameters screened in the ICU, such as the need for high dose inotropic support and IABP, cardiac enzyme elevation, and atrial fibrillation were not significantly different between the groups (Table III) . In the postoperative period, the number of patients with stroke, transient ischemic attack (TIA), and death was fewer in the SCT group than in the DCT group, however, the differences were also not statistically significant. The postoperative outcomes, including length of intensive care unit stay (LOICS), are summarized in Table IV .
DISCUSSION
In this study we investigated whether there were differences in neurological outcomes between patients who underwent the double clamp technique or the single clamp technique during coronary artery bypass surgery. Among the strategies developed to minimize aortic clamping/aortic trauma, and thereby prevent neurological complications, is the use of a single clamp technique rather than a double clamp technique requiring use of both an aortic cross clamp and a side-biting clamp. 10, 14) Aranki and colleagues reported more favorable outcomes with SCT higher risk patients. 10) Parallel to this study, Dar and coworkers 15) conducted a study with a small sample size (n = 50) and low mean age (59 years). They showed that the single aortic cross clamp technique improved cerebral protection through S-100 release as a marker of cerebral injury. Conversely, Musumeci and coworkers 16) showed that in patients with no clinical evidence of aortic or cerebrovascular disease, repetitive handling of the aorta with intermittent ischemic arrest was not associated with an excess of cerebral microemboli or with a worse neuropsychological outcome compared to the single cross-clamp technique.
Our study was the largest serial (n = 1100) so far among studies previously reported. There was no difference in the distribution of the preoperative characteristics of the patients between the groups in our study. Theoretically, SCT has been considered not only a simple and cost-effective strategy in recent studies, but has also gained popularity among cardiac surgeons. However, in practice, as shown in our study, there were no significant clinical differences between the 2 techniques in terms of cerebral morbidity. In the SCT group the number of patients with stroke and death was less than in the DCT group, however, there was no statistically significant difference between the 2 groups. In severe aortic calcification, surgeons strive to not manipulate the aorta, cannulate, or perform proximal anastomoses on a clean side such as the descending aorta, instead they use SCT or perform the operation on a beating heart. Changing the strategy in severe aortic calcification during the operation may be a weakness of the study. The retrospective nature is the main limitation of this analysis, as retrospective reviews inherently have many confounding variables and possible selection bias. Stroke, TIA, LOICS, and death were screened as outcomes, but the report could be strengthened with detailed psychometric studies.
On the other hand, the mechanisms behind the postoperative cerebral complications are multifactorial and just applying single cross clamping is not sufficient to prevent neurological complications and other factors such as aortic cannulation/decannulation, cross-clamp application/removal, punching aorta, construction of proximal anastomoses, and inadequate deairing strategies might be the etiology for micro or macroembolism. Embolism originating from the left atrium can be seen in patients with atrial fibrillation or intracranial vascular stenosis which are also other risk factors for cerebral events after CABG, however, these are both independent risk factors from side-bite clamping. Recent studies examining the cerebroprotective effects of beating heart coronary revascularization versus conventional revascularization on cardiopulmonary bypass (CPB) have yielded inconsistent results. 17, 18) Many of these reports involved small numbers and did not differentiate between conventional proximal anastomoses on the ascending aorta (aortic manipulation) or the "no touch aorta" (no aortic manipulation) technique. Bowles and colleagues and Nirav, et al in different studies and with large numbers of patients, including control groups, have shown that off-pump CABG, with or without aortic manipulation, reduces adverse neurologic outcomes when compared with conventional CABG performed on CPB. 4, 19) To conclude, although SCT alone does not adequately decrease neurological events after coronary bypass surgery, it is a very basic and important technique that might be useful, especially in patients with severely calcified aorta. Both the single and double clamping techniques have theoretical advantages and disadvantages during coronary bypass surgery, and based on the findings of this study, there are no significant differences in clinical outcomes between the 2 techniques.
